Objective: The purpose of this study was to assess the incidence rate of cervical intraepithelial neoplasia (CIN) and cervical cancer, and their costs according to age. Methods: We collected data on annual incidence and medical costs of CIN and cervical cancer from 2010 until the end of 2014 from the Health Insurance Review and Assessment (HIRA) service. The CIN was classified into CIN3 (high-grade) requiring conization and CIN1/2 (low-grade) requiring observation. Results: Incidence rates of CIN3 and cervical cancer are reducing over time, whereas CIN1/2 is increasing significantly (p for trend: <0.001). The peak ages of incidence were 25-29, 30-34, and 70-74 years old for CIN1/2, CIN3, and cervical cancer, respectively. The crude incidence of CIN1/2 increased by approximately 30% in 2014 compared to 5 years ago and demonstrated an increasing trend in all age groups. The CIN3 showed a significantly increasing trend in the age group of 30-39 years old, the cervical cancer was significantly reduced in all ages, except the 35-39 years old. The treatment for cervical cancer costs $3,342 per year, whereas the treatment for CIN3 and CIN1/2 cost $467 and $83, respectively. Conclusion: The crude incidence rate of cervical cancer is currently decreasing among Korean women, but the incidence rates and medical costs of CIN and cervical cancer are increasing in women in their 30s in Korea. These findings suggest that different strategies by age will be required for prevention of cervical cancer in Korea.
INTRODUCTION
Cervical cancer occurs in approximately 528,000 people worldwide per year, and about 266,000 people per year die due to cervical cancer [1] . The age-standardized incidence rate of cervical cancer in Korea has been decreasing, from 18.1 per 100,000 people in 1999 to 11.1 per 100,000 in 2013 [2] [3] [4] . However, cervical cancer involves long-term carcinogenesis, unlike other cancers [5] . Cervical cancer develops from a progression of epithelial cellular changes by multistages of oncogenic human papillomavirus (HPV) infection, persistent HPV infection, cervical intraepithelial neoplasia (CIN), and carcinoma in situ (CIS), which is a premalignant lesion of cervical cancer [6] . Therefore, the fact that the incidence of new cases the HIRA database. Therefore, the HIRA database is very extensive, including information on the entire Korean population, personal information on all patients, and medical records related to all medical claims made in Korea [13] .
A resident registration number is assigned to all Korean citizen at birth. This number is unique to each citizen and widely utilized by the government, including HIRA, for easy identification of citizens. HIRA database can therefore be used to obtain accurate health care records and demographic characteristics for CIN patients with no duplicates of this personal data. The HIRA database manages claims using the Korean Classification of Disease (6th edition), which is a modified version of the International Classification of Diseases, 10th edition (ICD-10), adapted for the Korean health care system. The compulsory healthcare system in Korea covers all CIN-related healthcare costs.
Herein, because all treatments for CIN and cervical cancer are either completed within a year or last longer than a year, and there is no data on those who were uninsured for less than a year, we counted the number of patients who did not claim any reimbursement in the previous year and filed one or more reimbursement claims in a year according to the relevant standardized disease codes, C53 (cervical cancer), D06 (CIN/CIS), N72 (cervicitis), N86 (cervical erosion), and N87 (CIN 1/2), as the number of women with pre-cancerous lesions or cervical cancer. In that way, we determined the yearly incidence rate from 2010-2014 and recorded the frequency of visits and the amount of reimbursement claims in each of those years.
Since codes C53 and D06 indicate that patients are severely ill, it is nearly impossible for them to file duplicate or false claims; C53 represents cervical cancer and D06 represents CIS. However, N72, N86, and N87 do not necessarily reflect CIN 1/2. Nevertheless, if a CIN is suspected, the necessary fee-for-service codes (such as those for punch biopsy and loop electrosurgical excision procedure [LEEP] conization), will be applied in addition to these procedure codes. The International Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM) vol. 3 codes include the following: colposcopy (70.21), chemical cauterization or vagina or uterine cauterization (68.29), cauterization of vagina (70.33), cervical histopathologic examination (67.12), conization of cervix (67.32), and conization of cervix (loop electrosurgical excision, 67.32). Any person who filed a reimbursement claim with any of those codes at least once was assigned an incidence of CIN 1/2.
The index date was recorded as the incident time, and the patient was considered an incidence in that year. The population at risk was extrapolated from the entire population of Korea, based on the resident registration available from the Korean Statistical Information Service [9] . The population at risk consisted of Korean women over 20 years old, who were included by the Korean Statistical Information Service's resident registration, but not necessarily the beneficiaries of national health insurance. 
Statistical analysis
The person-time incidence rates for 2010-2014 were calculated as the number of people in whom CIN and cervical cancer developed, divided by the total person-time at risk during the study period. Therefore, in this analysis, person-years were counted after the incident time. The annual CIN incidence rates were calculated as persons in whom CIN developed, divided by the total population, based on the resident registration each year. Age-specific Cervical intraepithelial neoplasia among Korean CIN and cervical cancer incidence rates were estimated. A 95% confidence interval (CI) for the incidence rate was estimated based on the poisson distribution. The χ 2 analysis was used to compare the observed incidence rates between women over 30 years of age and younger women. The association between incidence of CIN and cervical cancer, and age groups was analyzed by logistic regression analysis as well as multiple regression analysis. A weighted generalized linear model was used in order to calculate the number of visits to health care institutions and the medical fee reimbursement claim per capita and per visit each year. We used SAS software version 9.3 (SAS Institute Inc., Cary, NC, USA) for all analyses. The p-values <0.05 were considered to be significant.
RESULTS
From 2010 through 2014, CIN 1/2 developed in 437,298 people, and CIN 3 in 50,270 people ( Table 1 ). There were differences regarding people's age in the incidence rate of both CIN 1/2 and CIN 3 (p<0.001, respectively). There were also differences in the incidence rate ratio of both CIN 1/2 and CIN 3 regarding to people's age (p<0.001, respectively). The incidence rates of CIN 3 measured in the same years were 40.5, 41.4, 38.9, 39.4, and 39.8 per 100,000 people, respectively, which illustrate a decreasing trend (p for trend: 0.007). The incidence rates of cervical cancer measured in the same years were 30.3, 29.7, 29.8, 30.2, and 28.4 per 100,000 people, respectively, which illustrate a decreasing trend (p for trend: 0.002).
As for the distribution by age, the peak age range was 25-29 years old for CIN 1/2, 30-34 years old for CIN 3, and 70-74 years old for cervical cancer (Fig. 2) . In addition, the incidence distribution was different for all grades in the 30s based on the above results (Fig. 2 , p for trend: <0.001). The incidence of CIN 1/2 showed an increasing trend in people of all ages (p for trend: <0.001, Fig. 3A) , while incidence of CIN3 showed an increasing trend amongst those 30-39 and ≥80 years old, but a decreasing trend in 40-44 and 50-54 years old (p for trend: <0.001, Fig. 3B ). The incidence of cervical cancer showed a decreasing trend in most age ranges, but an increasing trend amongst those 35-39 years old (p for trend: <0.001, Fig. 3C ).
The number of visits per person, which was confirmed using the claims data of the HIRA service, reveals an increasing trend in all grades (CIN 1/2, CIN 3, and cervical cancer) from 2010-2014 ( Table 2 0.01, Table 3 ). In addition, for those over thirty years of age, the health care cost associated with all 3 grades increased (p for trend: <0.001, 0.001, and 0.032 for CIN 1/2, CIN 3, and cervical cancer, respectively, Table 3 ). Furthermore, when comparing the age-specific costs in CIN, particularly for age <30 and ≥30, the mean cost per visit has increased significantly for age ≥30 (p for trend: <0.001 and 0.002 for CIN 1/2 and CIN 3, respectively, Table 4 ).
DISCUSSION
There is not much published data on the overall incidence or costs yet. Therefore, this study sought to estimate the annual change of the incidence of CIN and its associated medical costs in Korean women by age in order to help establish an early preventive strategy based on the results. We collected data on annual incidence and medical costs of CIN and cervical cancer from 2010 until the end of 2014 from the HIRA database. Incidence rates of CIN 3 and cervical cancer are reducing over time, whereas CIN 1/2 is increasing significantly. Cervical intraepithelial neoplasia among Korean increasing trend in the age group of 30-39 years old, the cervical cancer was significantly reduced in all ages, except the 35-39 years old. When comparing the age-specific costs in CIN, the mean cost per visit has increase significantly for age ≥30
The HIRA database provides information on the various diseases endured by more than 10 million subscribers, among whom the majority are Korean women. Therefore, our study included a greater amount of data on the residents of Korea by region than did other studies.
In 2014, the incidence rates of CIN 1/2 and CIN 3 were 425.4 and 39.8 per 100,000 people, respectively. According to a study conducted in the United States (US), the incidence of CIN 1 is 120 per 100,000, and that of CIN 2/3 is 150 per 100,000 [10] . Another US study found that the incidence of CIN 1 is 160 per 100,000 people, and that of CIN 2/3 is 120 per 100,000 [11] . The overall incidence of CIN in the US was 270 per 100,000, which is less than that of Korea [10] . According to the Health Plan study conducted from 1999 to 2004 in the US, the peak age group in which women develop both CIN 1 and CIN 2/3 is 21-30, with a decrease in incidence after the age of 30. This indicates that the peak age for CIN 3 is younger in the US than in Korea (30-34 years old).
When compared to the US study, the peak age of CIN 3 in our study is a little older, which may partly be due to the Pap smear rate given for cervical cancer screenings. According to the Korea National Health and Nutrition Examination Survey (2009) (2010) (2011) (2012) , only approximately 50% of all women received Pap smears; those under the age of 40 had a Pap smear rate lower than 29% [7] . And the other reason is the difference in the age of first sexual intercourse. Because the age of first sexual intercourse was lower, there was an earlier peak age of CIN 3 in the US. Therefore, more aggressive and earlier Pap smear screening is needed in Korea.
The cost per visit in Korea is 30% less ($467) than the cost per visit in the US. In cases of CIN 1/2, the cost per visit is just $83, which is only 10% of the cost in the US. Expensive procedures for treating CIN 3, such as cold knife conization, large loop excision of the transformation zone (LLETZ), and occasionally hysterectomy, are more commonly used than CIN 1/2 [11] .
According to a CIN incidence study performed in Israel, Israel has a crude incidence rate of cervical cancer of 5 per 100,000 people, which is lower than that in Korea. The crude incidence rate for CIN 1/2 was 111 per 100,000 people, while that for CIN3 was 36 per 100,000. These values indicate that the incidence rate of CIN 1/2 is lower in Israel than in Korea, whereas the rate of CIN 3 is similar to that of Korea. The percentage of women receiving routine Pap smears in Israel was about 50%, which is similar to that of Korea, and the peak incidence ages of CIN were the late thirties, similar to those of Korea. However, unlike in Korea, the incidence of CIN 1 is decreasing in Israel, and the incidence rates of CIN 2/3 are increasing year by year [14] . The Israel population is given Pap smears beginning at the age of 20, and the reason that the peak age is in the late 30s is most likely due to the ethnic differences and differences in vaccination uptake rates. Additional studies are required to clarify this issue.
Although the incidence of cervical cancer in Korea is significantly decreasing, it is still above the global average (14 per 100,000 people) [2] . As previously mentioned, the findings that the incidence rates of CIN 3 and cervical cancer are increasing amongst women of childbearing age (30-40s) indicate that screenings (Pap smears) are not conducted properly for women in their 20s. In addition, the finding that CIN 1/2 is steadily increasing in all age groups (increased by 30% in 2014, as compared to 2010) reflects the increase of HPV-related diseases, which signals the necessity for appropriate and aggressive early prevention measures.
The reason for the increasing CIN 1/2 might be the increase of the disease itself because the risk of HPV infection could be increasing over time, or the increase in the chance to get screening test because of the promotion of vaccination since 2008. However, despite the increase in the incidence of CIN 1/2, the incidence of CIN 3 is decreasing, possibly pointing to active treatment on CIN 1/2 as the causes for this particular trend.
When comparing the age-specific costs in all groups of CIN and cervical cancer, particularly for age <30 and ≥30, it was confirmed that the mean cost per capita for the patient and the mean cost per visit have increased significantly for age >30. The pre-30 and post-30 cost differences seemed to be caused by the high disease incidence frequency and the severity of the disease for age >30. Considering the pathogenesis of cervical cancer, early detection of cervical cancer before women turn 30 years old can make cost reduction in the disease treatment possible.
First, this is due to the prevalence of HPV persistent infection in women over the age of 30 and the longevity of the follow-up period. Second, there is a big difference in how women 20-30 years and women above 30 years are affected. While there is a peak in HPV infection between women of 20-30 years, it gets treated relatively quickly. On the other hand, there are many cases among women over 30 years of age, in which, punch biopsy, a long postobservation period, and eventually LEEP conization are all implemented because of the persistent infection that follows CIN lesion.
According to a 2013 report by the Centers for Disease Control and Prevention, Korea has a completion rate of approximately 28.7% in the age range of 19-26 years, since the domestic marketing of the vaccine against cervical cancer was authorized in 2008 [15] . The National Vaccination Project to prevent cervical cancer was launched nationwide in 2016. However, it takes 10 years to examine the effect of the cervical cancer vaccine [16] .
In our study, we found that the incidence rate and medical costs related to CIN differ by age. To effectively implement secondary prevention strategies against cervical cancer within a limited budget, age-specific strategies should be more closely studied in the future.
This study has a few limitations. First, because we carried out this research relying on somewhat unclear disease codes and the number of claims provided by the HIRA service, it is highly likely that there are duplicated or false claims, and that the actual residence address may be different from the registered address. For example, since the incidence rate was calculated by excluding the previous year's claimants only, patients with cervical cancer who were assigned accurate disease codes may have been included twice in our data if they were diagnosed 2 years previously and, in addition, obtained healthcare for their condition within those 2 years. There is also a high potential that cervical cancer will recur, but this would not have a large influence on the comparison of incidence rates over the course of 5 years. Secondly, since CIN 1/2 was identified with a combination of a disease code and fee code, it is likely that we included cases of other conditions, such as chronic cervicitis or genital warts. Indeed, treatment for CIN was not followed up at an interval of ≥1 year; therefore, within these conditions, it is challenging to distinguish between CIN 1/2 and chronic cervicitis or genital warts. Lastly, although the classification of CIN 1 and CIN 2 is important for the difference in management of surgical treatment versus observation, it is difficult to classify it accurately as a realistic constraint (coding inaccuracy).
This study is significant as it is the first study on the incidence of CIN and cervical cancer in Korea conducted in the largest possible population. This study was conducted in a single community consisting of the largest population over the course of 5 years. It will be the basis for confirming the predicted size of the pre-cancerous lesion of cervix and the effect of vaccination in the future. Our results illustrated that the crude incidence rate of cervical cancer is currently decreasing among Korean women, but the incidence rates and medical costs of CIN and cervical cancer are increasing in women in their 30s in Korea. This study shows that cervical cancer preventive strategies are not effectively implemented in Korea.
We have focused on increasing cervical cancer vaccine coverage and improving Pap smear screening rate for women in their 20s.
